Abstract -The effects of yeast cell photorecovery after photodynamic inactivation by optical radiation in the near-ultraviolet (320-380 nm) and visible (400-600 nm) ranges of the spectrum have been revealed. Red light at 680 nm has shown the highest efficiency and the maximum level of photoreaction upon short-term irradiation (minutes). For the first time, we show here the possibility of cell photorecovery from photodynamic damage.
INTRODUCTION
At present, the known types of photoinduced cell reactivation and defense (Fraikin, 1992; Sancar, 1990) are aimed at the removal or prevention of one type of lethal photoproducts, namely, pyrimidine dimers, which are formed in DNA affected by far-and middlewavelength ultraviolet (UV) radiation (220-320 nm). So far, no data is available on the photoinduced increase in viability of cells, inactivated by near-UV radiation (320-380 nm) and visible light (400-600 nm). Contrary to short wavelength UV radiation, the lethal effect of optical radiation of these types occurs via a photodynamic mechanism involving endogenous sensitizers, which generate reactive oxygen species that induce DNA damage other than that of pyrimidine dimers (Burchuladze, Fraikin, 1991; Peak et al., 1984; Fraikin et al., 1996) The purpose of this study was to reveal the effects of photorecovery in yeast cells during their photodynamic inactivation by optical radiation at wavelengths of 320-380 nm and 400-600 nm.
MATERIAL AND METHODS
In this study we used the yeasts Candida guilliermondii VSB-656 (the strain was obtained from Research Institute for Protein Synthesis) and Saccharomyces cerevisiae : wild type (wt-71 α ) and two mutant strains, one strain, rad 3-2 (X36B-3a), which was deficient in excision DNA reparation, and another rad 50-1 (g218/4d) strain, which was deficient in postreplicative DNA reparation (courtesy of Dr. I. P. Arman, Institute of Molecular Genetics, Russian Academy of Sciences).
Yeasts were grown using standard protocol (Strakhovskaya et al., 1993) . Before irradiation the cells from the logarithmic growth phase were centrifuged, washed, and resuspended in mineral medium (Strakhovskaya et al., 1993) containing 1% sucrose to obtain a concentration of 10 5 cells/ml. Irradiation was conducted at 22 ° C under constant stirring of the cell suspension. The source of radiation was a DRSh-1000 highpressure mercury lamp. Monochromatic light at 400-730 nm was obtained using a diffraction spectrograph (linear dispersion, 1 nm/mm). Dispersed radiation of shorter wavelength was cut using a BS-7 filter. The intensity of monochromatic light was equalized to ~0.2 W/m 2 . To isolate the light of various spectral ranges, the following combination of filters were used, namely, BS-5 + UFS-6 (near UV, 320-380 nm), GS-10 + SZS-21 (visible light, 400-600 nm), UFS-2 + GS-3 (middle UV, 290-320 nm). The radiation was focused on a quartz tube containing the object, which was placed into a closed thermostat holder at a distance of 15 cm from the lamp. Radiation intensity at the sample level was 15 W/m 2 for the near UV, 60 W/m 2 for visible light, and 5 W/m 2 for middle wavelength UV. The light intensity was measured using a highly sensitive Hilger FT 16.1/622 thermal element (England), which was calibrated with an F116/1 galvanometer. Cell viability was determined using the microcolony method (Korogodin, 1958) .
RESULTS AND DISCUSSION
Our studies of the effect of monochromatic light at 400-730 nm on C. guilliermondii cells, which were inactivated by near UV radiation (320-380 nm), have shown that the light of the red part of the spectrum (610, 630, 660, 680, 710 nm) significantly increases their viability. As has been established (data not shown), the maximal activity in the expression of yeast photoreactivity is exerted by light at 680 nm; we shall designate it further as FR 680 .
The typical curve characterizing the effect of red light (680 nm) on the photoreduction of cell viability is shown at Fig.1 . The maximal level FR 680 is reached already at short-term (several minutes) irradiation by monochromatic light at low dose. The increase in time (dose) results in a decrease in the efficiency of FR 680 radiation.
It is necessary to mention that the established shape of the FR 680 dose curve mirrors the shape of corresponding curves that we obtained in our studies on the resuscitation induced by monochromatic red light in yeasts C. guilliermondii , previously inactivated by middle wavelength UV radiation (290-320 nm) (Fraikin et al., 1995) . In addition we have shown that the efficiency of FR 680 in the near UV for cell inactivation is not affected by the temperature decrease to 4 ° C during monochromatic irradiation (Fig. 1) . The same was also observed previously in case of middle wavelength UV radiation (Fraikin et al., 1995) . These data suggest that in the photorecovery of cells from the lethal effect of near UV radiation, the same system is responsiblesensitive to red light and involved in the effect of middle wavelength radiation. This further indicates the efficiency of this system in respect to both pyrimidine dimers and photodynamic DNA damage, such as monostrand breaks, which under near UV radiation are important for cell inactivation (Burchuladze, Fraikin, 1991; Peak et al., 1984) .
It is well established that UV-induced damage can be repaired mainly by excision and post-replicative DNA reparation systems. Therefore it was worth to examine the possible association between FR 680 radiation and photoinduced activation of these reparation systems.
For this purpose we studied the capacity to FR 680 of yeasts C. cerevisiae , both wild type and its mutants deficient in excision (rad 3-2) and post-replicative (rad 50-1) DNA reparation. It has been shown previously that cells of a mutant strains are more sensitive to the near UV (rad 50-1) and middle wavelength UV (rad-3-2) compared to the wild type strain (Figs. 2, 3) . The photoreactivation experiments were conducted according to the following protocol. Both wild type and mutant, rad 50-1 and rad 3-2, cells were irradiated by fixed doses of near UV or middle wavelength UV, which decreased their viability to the same level (~30%). After that, they were irradiated by monochromatic light, 680 nm. The results (Figs. 4, 5) show that FR 680 in mutant strains was observed with the same efficiency as in wild type yeasts. This indicates the lack of excision or postreplicative reparation in the photorecovery of yeasts inactivated by UV radiation.
The fact that the effect of a light-sensitive reactive system is not specific to DNA damage leads to the suggestion that it is possibly involved in cell recovery from photodamage both in the genome and other cell structures.
Earlier, our studies have shown that under photodynamic inactivation of yeasts ( C. guilliermondii and S. cerevisiae ) by high doses of visible light (400-600 nm), cytoplasm, but not DNA, is the main target (Fraikin et al., 1996) . The results presented here, and which involve the above-described optimal doses at FR 680 , have shown that a cell inactivated by visible light can be recovered by monochromatic irradiation in the wavelength range of 600-730 nm with the highest efficiency of reactivation at 680 nm. Most important is the fact that the typical curve of photoreactivation dose in this case (Fig. 6 ) has the same shape of curves as an analogous dose at FR 680 for cells inactivated by UV radiation (see Figs. 1, 4, 5) . Therefore, the photoreduction of viability of yeast cells inactivated by visible light involves the same light-sensitive system as that activated with a lethal dose of UV radiation. Therefore, this inactivation system functions not only during the induction of various types of DNA damage, but also in case of photodynamic destruction of plasma membranes.
The similarity in photoreduction effects for yeast cell viability when they are inactivated both with UV irradiation and visible light indicates that they are based 
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on an identical, previously unknown, photo-induced reactivating mechanism, which is not specific in respect to the nature of lethal damage. 
